The analgesic efficacy and side effect profile of intravenous parecoxib, a novel cyclooxygenase type-2 (COX-2) inhibitor, was assessed in a double-blinded, placebo-controlled study involving patients undergoing major gynecologic surgical procedures.
DESPITE their well-known side effects, 1 opioid analgesics remain the primary therapy for moderate-to-severe pain after surgery. Nonsteroidal antiinflammatory drugs (NSAIDs) have been used adjunctively in the management of pain after a variety of surgical procedures. 2, 3 The mechanism of action of NSAIDs is related to inhibition of the cyclooxygenase (COX) enzyme, 4 which exists as two distinct isoforms: COX-1 and COX-2.
5,6 COX-1 is constitutively active throughout the body and is responsible for mediating routine physiologic functions, such as maintaining gastric mucosal integrity 7 and vascular hemostasis. 8 However, the inducible COX-2 enzyme is expressed in association with inflammation and pain. 6 The classic NSAIDs inhibit the COX-1 and COX-2 isoenzymes 9 and, therefore, have an antiinflammatory and analgesic effect and the ability to produce adverse effects on the gastrointestinal tract, kidney, and platelets. It has been suggested that the newer NSAIDs that are more specific for the COX-2 isoenzyme may produce antiinflammatory and analgesic effects while avoiding the adverse effects on the body's homeostatic mechanisms. Previous studies comparing the oral COX-2 inhibitors rofecoxib 10 and celecoxib 11 with the classic NSAIDs have reported similar analgesic effects when used to manage post-dental surgery pain. Recently, Reuben and Connelly 12 demonstrated significant opioidsparing effects with celecoxib and rofecoxib when used in conjunction with patient-controlled analgesia (PCA) with morphine after spinal fusion surgery.
Parecoxib, a water-soluble prodrug of valdecoxib, is a high-selective COX-2 inhibitor that is available for intravenous administration. A preliminary study in rats suggested that parecoxib produced comparable analgesic efficacy to ketorolac. 13 Therefore, we designed a study to test the hypothesis that parecoxib could produce an opioid-sparing effect, thereby decreasing opioid-related side effects when administered during the early postoperative period after lower abdominal surgery.
Materials and Methods
Sixty consenting patients undergoing total abdominal hysterectomy or myomectomy procedures were entered This article is featured in "This Month in Anesthesiology." Please see this issue of ANESTHESIOLOGY, page 5A. ᭛ into this Institutional Review Board-approved, randomized, double-blinded, placebo-controlled study at CedarsSinai Medical Center in Los Angeles, California. Study entry criteria included body weight of at least 50 kg and no more than 50% above ideal body weight, age 18 -70 yr, and ability to understand the use of pain assessment scales and the PCA device. Exclusion criteria included known allergy, sensitivity, or contraindication to opioid and nonopioid analgesic drugs; history of bleeding disorders, peptic ulceration, or anticoagulant use within the past month; current pregnancy or breastfeeding; history of known or suspected drug abuse; and NSAIDs use within 24 h before surgery.
After receiving a standardized general anesthetic technique consisting of propofol (1.5-2 mg/kg) and fentanyl (1-2 g/kg) for induction, and desflurane (3-6% end tidal) with nitrous oxide 60 -70% in oxygen for maintenance of anesthesia. Supplemental bolus doses of intravenous fentanyl, 25-50 g, were administered for persistent tachycardia not responding to increases in the desflurane concentration or a bolus of intravenous fluid. After surgery, patients were randomly assigned to one of three study groups (group 1 [control] received normal saline; group 2 received intravenous parecoxib, 20 mg; group 3 received intravenous parecoxib, 40 mg) according to a computer-generated table. The initial dose of study medication was administered when the patient first requested an analgesic medication in the postanesthesia care unit (PACU). Subsequent doses of the same study medication were administered at 12-h and 24-h intervals after the initial dose. The study medications were prepared by a hospital pharmacist who was not involved in the data collection process. Each study medication was reconstituted to a total volume of 2 ml with sterile 0.9% normal saline in identical-appearing plastic syringes. All the patients were allowed access to a PCA pump (Abbott Lifecare-PCA plus II, Chicago, IL) in the PACU after administration of the first dose of study medication. The PCA device was programmed to deliver 1-to 2-ml bolus doses of morphine (1 mg/ml) "on demand," with a minimum lock-out interval of 6 min and a total morphine dose not to exceed 20 mg during any 4-h interval.
A 4-point verbal rating scale (VRS), with 0 ϭ none, 1 ϭ mild, 2 ϭ moderate, and 3 ϭ severe, was used to evaluate the pain intensity just before the first dose of study drug and subsequently at 2-, 4-, 6-, 9-, 12-, 18-, and 24-h intervals. Patients' global evaluation of the analgesic efficacy of the study medication was obtained at 12 h and 24 h using a 4-point satisfaction scale (1 ϭ poor, 2 ϭ fair, 3 ϭ good, and 4 ϭ excellent). Patients were also asked to assess the maximum pain on a 4-point VRS (0 ϭ none, 1 ϭ mild, 2 ϭ moderate, and 3 ϭ severe) and the maximum pain relief on a 5-point VRS (0 ϭ none, 1 ϭ a little, 2 ϭ some, 3 ϭ a lot, and 4 ϭ complete) at the end of the study period (i.e., 12 h after the last dose of study medication). The total dosages of morphine administered via the PCA delivery system were recorded at 6 h, 12 h, and 24 h after the first dose of study medication. During the study period, the patients were not permitted to ambulate for 15 min before each pain assessment.
Systolic blood pressure, diastolic blood pressure, heart rate, and respiratory rate were recorded immediately before administration of the study medication and at 1-, 2 -, and 4-h intervals after the first dose of study drug. Standard clinical laboratory tests were ordered before surgery, before the first dose of the study medication, and 12 h after the last dose of study medication. Adverse events and the need for supplement medications (e.g., antiemetics, antipruritics, laxatives) were recorded throughout the 36-h study period.
Statistical Analysis
An a priori power analysis was performed to determine the minimum group sizes (n ϭ 19), based on the assumption that (1) parecoxib, 40 mg, achieved a maximal analgesic effect, 14 (2) parecoxib, 20 mg and 40 mg, would produce 20% and 35%, respectively, decreases in the PCA morphine requirement (SD ϭ 19), and (3) an ␣ ϭ 0.05 and ␤ ϭ 0.8. 15, 16 Statistical analyses of these data were performed using one-way analysis of variance (ANOVA) for continuous variables, and when significant differences were determined, a post hoc intergroup comparison was performed using a Newman-Keuls multiplecomparison test. Two-way ANOVA was used for repeated measures, and when significant differences were noted, a post hoc test was used to compare the posttreatment with the baseline values using Bonferroni correction. Categorical data were analyzed using chi-square or Fisher exact test as appropriate. All tests were twosided, and P values less than 0.05 were considered statistically significant.
Results
Sixty patients were initially enrolled in this study, although only 55 patients successfully completed the entire study. There were four consented patients who voluntarily withdrew from the study before the initial dose of study medication was administered, and one patient in group 3 who failed to complete all the postoperative evaluations. The three study groups were comparable with respect to age, weight, height, ASA physical status, and type and duration of surgery (table 1) . In addition, the total intraoperative fentanyl dosages were similar in the three treatment groups.
After the administration of the study medication, the cumulative doses of morphine were significantly decreased at the 6-, 12-, or 24-h testing intervals in patients receiving intravenous parecoxib, 20 mg and 40 mg, when compared to the control group receiving normal saline (table 2) . However, the morphine dosages did not differ significantly between the two parecoxib groups. The time interval from the first dose of study medication to the first PCA morphine dose was also similar among the three study groups (table 2). Postoperative VRS pain scores were similar among the three groups at all of the time intervals studied ( fig. 1) . With respect to the patients' global evaluation of the analgesic efficacy of the study medication at 12 h and 24 h after the first dose of study medication, there were no significant differences between patients in the parecoxib groups compared with the control group (table 3) . Moreover, at 12 h after the last dose of the study medication, patients' evaluation of their maximum postoperative pain score and the magnitude of the pain relief produced by the study medication did not differ significantly among the three groups (table 3) .
Compared with the baseline vital sign values, blood pressure, heart rate, and respiratory rate values immediately before and after study drug administration were not significantly different in any of the groups (data not shown). Postoperative side effects were also similar in the three study groups (table 4) . No postoperative wound complications or bleeding problems were reported in any of the study groups. Finally, clinical laboratory testing revealed no abnormalities related to the study medications (data not reported).
Discussion
The concept of balanced analgesia suggests that a combination of opioid and nonopioid analgesic drugs will enhance analgesic efficacy and reduce side effects after surgery. 2, 3 The use of a parenteral NSAID (e.g., ketorolac) in combination with PCA morphine has been reported to produce an opioid-sparing effect after major surgical procedures. [15] [16] [17] For example, when ketorolac was administered as an adjuvant to PCA morphine after lower abdominal surgery, it produced a 20 -30% decrease in the postoperative opioid dosage. 16, 17 Although intravenous ketorolac is an effective analgesic, its use may be associated with increased operative site and gastrointestinal bleeding and renal toxicity. 18, 19 Serious NSAID-associated complications after surgery have been alleged to occur without warning. 20 Concern regarding these adverse effects of ketorolac resulted in its withdrawal from clinical practice in several European countries 21 and a limitation of its use to 5 days after surgery in the United States. 22 The availability of a parenterally active COX-2 specific inhibitor with potent analgesic properties would represent a significant therapeutic advance in the management of acute postoperative pain. Although parecoxib is an inactive prodrug of valdecoxib, pharmacokinetic studies have demonstrated that parecoxib is rapidly converted to valdecoxib after intravenous administration. 23 Using an animal model of acute pain, parecoxib was found to produce comparable analgesic efficacy and a more rapid onset of action than ketorolac. 13 In a preliminary study evaluating intravenous parecoxib (20 -80 mg) when administered before oral surgery, Desjardins et al. 14 reported that parecoxib was superior to placebo in preventing pain. These investigators also suggested that fewer adverse events and higher global assessment of pain control was found in the parecoxibtreated patients compared with those receiving the Values are mean Ϯ SD. * P Ͻ 0.05 versus control group. No significant differences were noted among the three study groups.
PCA ϭ patient-controlled analgesia; n ϭ number. Values are mean Ϯ SD. No significant differences were noted among the three study groups.
n ϭ number.
placebo. However, to date no published data exist regarding the clinical benefit(s) of using this novel COX-2 inhibitor to manage postsurgical pain. Based on the information provided by the study sponsor (G.D. Searle & Co. Skokie, IL), doses of intravenous parecoxib less than 20 mg were ineffective when studied in a post-dental surgery pain model. Therefore, parecoxib doses of 20 mg and 40 mg were selected to evaluate its analgesic effects after major surgical procedures. These doses were found to reduce PCA morphine use by approximately 30% during the first 24 h after surgery compared with the control group. However, the primary opioid-sparing effect was noted in the first 6 h after administering the parecoxib. These findings are similar to earlier studies involving the use of ketorolac as an adjuvant to postoperative PCA morphine. 15, 16 Compared with the control group, administration of intravenous parecoxib (20 or 40 mg) failed to improve the patients' global evaluation of the study medication's analgesic efficacy. Moreover, the interval between the initial dose of study drug and the time to the first PCA rescue dose of morphine, the maximal pain intensity, and the maximum pain relief after surgery failed to demonstrate any significant differences between the intravenous parecoxib-(20 or 40 mg) and saline-treated patients. These findings are analogous to those of Dahl and Kehlet, 24 who demonstrated that the adjunctive use of NSAIDs decreased the opioid analgesic requirement without improving pain relief postoperatively. Our inability to confirm the recent findings of Desjardins et al. 14 suggests that parecoxib may be more effective in the prevention (vs. management) of acute pain. Alternatively, oral (dental) surgery may not be an optimal model for studying postoperative pain. In the current study, we failed to find any difference between parecoxib doses of 20 mg and 40 mg. This finding may be the result of an inadequate number of patients being enrolled in the study or may be related to the plateau effect that occurs with parecoxib doses above 20 mg in this postsurgical pain model. Values are numbers (n) and percentages (%). No significant differences were noted among the three study groups.
The opioid-sparing effect of a nonopioid analgesic is most beneficial when it also results in a reduction in postoperative side effects. Despite its opioid-sparing effects, parecoxib did not significantly alter the overall incidence of opioid-related side effects (e.g., postoperative nausea, vomiting, urinary retention, constipation, or ileus). Interestingly, previous lower abdominal studies involving the use of ketorolac as an adjuvant to PCA morphine have also failed to find clinically relevant differences in postoperative side effects compared with a placebo group. 16, 17 Because the COX-2 inhibitors lack an antiplatelet effect, 5, 11, 25 it has been suggested that parecoxib may be associated with an improved perioperative safety profile compared with nonspecific NSAIDs like ketorolac. 13 Although we failed to detect any postoperative bleeding problems or wound complications, the relatively small group sizes (n ϭ 18 or 19) precluded us from drawing any conclusions regarding the safety profile of parecoxib with respect to bleeding diathesis. This study and the early study by Desjardins et al.
14 can be criticized for failing to include an active NSAID comparator (e.g., ketorolac) and for not quantifying the perioperative blood loss.
In conclusion, intravenous parecoxib (20 or 40 mg) was effective in decreasing the PCA opioid requirement after major gynecologic surgical procedures without increasing postoperative side effects or wound complications. However, parecoxib failed to improve postoperative pain control or the global assessment of the analgesic medication when compared with a placebo. Further studies are needed to assess the comparative analgesic efficacy of parecoxib and the classic NSAIDs, as well as their effects on clinically important outcome variables, such as blood loss, wound complications, recovery of bowel and bladder function, and resumption of oral alimentation and physical activities. Values are number (n) and percentages (%); No significant differences were noted among the three study groups.
